The present study was conducted to develop persimmon peel, a by-product of dried persimmon manufacturing, as a feed additive via lactic acid bacteria fermentation. Pediococcus pentosaceus, Lactobacillus plantarum, and three strains of Leuconostoc mesenteroides were used as a starter culture in the solid state fermentation of persimmon peel, and antioxidant activity and total polyphenol content were assessed. Leuconostoc mesenteroides KCTC 3100 showed high antioxidant activity (p<0.05), whereas Pediococcus pentosaceus showed high total polyphenol content (p<0.05). These two strains were thus selected as starter culture strains. Glucose, sucrose and molasses were used as variables for optimization and a total 15 experimental runs were produced according to Box-Behnken design. Regarding significant effects of variables, molasses showed linear and square effects on antioxidant activity of persimmon peel fermentation (p<0.05). In conclusion, optimum concentrations of glucose, sucrose, and molasses were determined to be 4.2, 3.9 and 5.3 g/L, respectively, using a response surface model. Antioxidant activity was also improved 2.5 fold after optimization.
. INTRODUCTION
Persimmon (Diospyros kaki), a deciduous fruit, is broadly cultivated in Korea, Japan, China, Brazil, and Italy. Persimmon contains several bioactive compounds such as polyphenols, flavonoids, terpenoids, steroids, carotenoids, dietary fiber, starch, and minerals (Yokozawa et al., 2007) . Bioactive compounds extracted from the leaves, peel, and flesh of persimmon are reported to possess anti-tumor, anti-hyperlipidemia, anti-diabetes, antioxidant, and neuroprotective activities (Itoh et al., 2011) . Either astringency removal using carbon dioxide or ripening is required for direct consumption of persimmon fruit since it contains 1~5% of tannins after maturation (Kim, 2005) . Hence, some persimmons are consumed in dried form.
During manufacturing of dried persimmon, a considerable amount of peel is wasted. Actually, antioxidant-rich phenolic compounds are more abundant in persimmon peel than in persimmon flesh (Gorinstein et al., 2001 ). However, antioxidantrich compounds in persimmon peel are not stable, and are spontaneously degraded (Yokozawa et al., 2007) . Therefore, an appropriate treatment may be necessary. The performance of fermentation, including cell yield and metabolite production, depends on the medium ingredients used and fermentation conditions (Cho et al., 2010) . Therefore, the optimization of medium or fermentation conditions is important to achieving effective, economical fermentation.
One factor at a time method (OFAT), which investigates the effect of a single factor while maintaining all others at constant levels, has been traditionally used in microbiological studies (Coman and Bahrim, 2011 , 1960; Coman and Bahrim, 2011) .
Therefore, the present study was designed to develop persimmon peel as an antioxidant-rich feed additive through lactic acid fermentation, and the optimum formulation for medium ingredients was investigated using statistical methods.
. MATERIALS AND METHODS Persimmon peel was obtained from a dried persimmon farm located in Sangju city, Korea and was dried at 60°C for 48 h, after which it was finely grinded using a cutter miller (Philips HR2860, Netherlands) prior to the experiment.
Experimental materials

Solid state fermentation conditions of persimmon peel
Solid state fermentation (SSF) method was employed to ferment persimmon peel. To screen for effective starter cultures, the SSF medium was prepared with the following ingredients; 600 
Analysis
After fermentation, 50 mL of cold sterilized 0.8% NaCl solution was added to the flask, after which it was immediately used for viable cell count assay. The remaining persimmon peel Total polyphenol content was analyzed using
Folin-Ciocalteu's phenol according to Juan and Chou (2010) and represented as gallic acid mg/L equivalent (Juan and Chou, 2010) .
Statistical analysis
In Commonly used LAB belong to the genera Leuconostoc, Lactobacillus, and Pediococcus (Gardner et al., 2001) . Leuconostoc strain, a hetero-fermentative LAB, is reported to be (Gardner et al., 2001) . Pediococcus pentosaceus is known to be involved in both vegetable and dairy product fermentation, representing antibacterial activity through the production of organic acids, hydrogen peroxide and bacteriocin (Abrams et al., 2011) .
Lactobacillus plantarum is a frequently used LAB in agricultural applications, including silage making, dairy products, and direct-fed microorganisms (de Vries et al., 2006; Lee et al., 2008) .
Carbon sources for fermentation of persimmon peel using L. mesenteroides and P. pentosaceus
Carbon sources are important nutrients for the growth and production of metabolites in LAB fermentation. In this study, three carbon sources, glucose, sucrose, and molasses, were used as variables in the medium, and three concentration levels of each variable were assigned to 15 experimental runs according to Box-Behnken (Powell et al., 2007; Todorov et al., 2004) . Molasses is a frequently used carbon source for the fermentation of various LAB with industrial potential due to its cheap price (Rodrigues et al., 2006) .
Optimization of carbon sources
Based on analysis of variance, optimum concentrations of the three variables for maximization of antioxidant activity were determined using response surface methodology.
Calculated regression coefficients and their probabilities are summarized in Table 3 . Signi- ascorbic acid mM equivalent. The antioxidant activity after optimization was 2.5 times higher than that before optimization (see Fig. 3 in relation to the control in Fig. 1 ).
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